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We found that an extract of Arctostaphylos uva-ursi markedly reduced the MICs of -lactam antibiotics, such
as oxacillin and cefmetazole, against methicillin-resistant Staphylococcus aureus. We isolated the effective
compound and identified it as corilagin. Corilagin reduced the MICs of various B-lactams by 100- to 2,000-fold
but not the MICs of other antimicrobial agents tested. The effect of corilagin and oxacillin was synergistic.
Corilagin showed a bactericidal action when added to the growth medium in combination with oxacillin.

Drug resistance in pathogenic bacteria is a serious problem
in the treatment of patients infected with such bacteria. It is
currently very difficult to discover new antibiotics or to develop
new antimicrobial drugs. Thus, it is urgently necessary to find
new drugs or to devise new methods that are effective for the
treatment of infectious diseases caused by drug-resistant bac-
teria. Several mechanisms of bacterial drug resistance are
known (16). We have been trying to find inhibitors of drug
resistance systems in bacteria. Such inhibitors, if not toxic to
humans, must be very valuable for the treatment of patients
infected with drug-resistant bacteria.

Methicillin-resistant Staphylococcus aureus (MRSA) is a ma-
jor cause of hospital-acquired (nosocomial) infections in many
countries. MRSA infections are very difficult to cure because
MRSA is resistant not only to B-lactams, such as methicillin,
but also to most other antimicrobial agents. For most MRSA
strains, vancomycin and its analog teicoplanin are the only
effective antimicrobial agents. However, the emergence of
MRSA strains with intermediate-resistance to vancomycin has
been reported (8). Thus, it is extremely important to find new
drugs or alternative therapies that are effective against MRSA.

Although the mechanisms of B-lactam resistance in S. aureus
are not fully understood yet, the mecA gene, which codes for a
low-affinity penicillin-binding protein PBP2’, is the most im-
portant gene responsible for the resistance (22). Several other
genes, such as fem, fimt, llm, and sigB, are also involved (2, 9, 14,
23).

It has been reported previously that catechins from green tea
(Camellia sinensis) (21), compound P from green tea (25),
epicatechin gallate from green tea (18), tellimagrandin I and
rugosin B from rose red (Rosa canina) (19), totarol from totara
tree (15), and baicalin from Scutellaria amoena (12) markedly
reduced the MIC of B-lactams. Also, there are several chem-
ical compounds, such as a triazine dye (Cibacron blue F3GA),
Triton X-100, Polidocanol, polyoxytungstates, and a tripeptide
composed of carbobenzoxy diphenylalanine-proline-phenylal-
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anine alcohol (LY301621), that have been reported to reduce
the MIC of B-lactams when used in combination with B-lac-
tams against MRSA (3, 5, 7, 10, 20).

Recently, we found that an extract of Arctostaphylos uva-ursi
markedly reduced the MIC of B-lactams in MRSA. We tried to
isolate the effective compound. We report here the isolation
and identification of the effective compound and its some
properties.

MRSA strains OM481, OM505, OM584, and OM623 were
clinical isolates from Okayama University hospital. The strains
OMS505 and OM584 are B-lactamase positive and PBP2' in-
ducible, and OM 481 and OM®623 are B-lactamase negative
and PBP2’ constitutive. Methicillin-sensitive S. aureus (MSSA)
strain 209P was used as a control strain. MRSA cells were
grown, and the MICs were measured as described previously
(19). Viable cell numbers were measured as described previ-
ously (19). The fractional inhibitory concentration (FIC) index
was calculated as reported earlier (6). The effects of the drugs
were interpreted to be indicative of synergy or indifference
when the index was <0.5 or >(.5, respectively.

Extract from A. uva-ursi leaves was concentrated by using a
rotary evaporator. The concentrated extract was subjected to
column chromatography over Toyopearl HW-40C (Toso Co.)
and eluted with H,O and aqueous methanol (20, 60, and
100%) in a stepwise manner, and with 70% acetone at the final
step. The eluate with 60% methanol that showed the highest
effect on the reduction of the MIC of oxacillin against MRSA
was further subjected to chromatography over MCI GEL
CHP20P (Mitsubishi Chemical Co.) by using 5% methanol as
a solvent. Active fractions were collected and purified by pre-
parative high-pressure liquid chromatography on YMC-pack
ODS-AQ324 (1 by 30 cm) using 30% methanol with 0.001%
trifluoroacetic acid as an eluant. The structure of the isolated
compound was determined by 'H-NMR spectral analysis.

The extract of A. uva-ursi leaves (Uva-ursi Fluid Extract;
Shiseido Co.), antimicrobial agents, and chemicals used in this
study were purchased from commercial sources.

We have been trying to find compounds that make MRSA
susceptible to various antimicrobial agents currently used.
During the course of our studies, we found that extract of A.
uva-ursi markedly reduced the MICs of B-lactam antibiotics
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FIG. 1. Structure of corilagin.

against MRSA. This implies that some effective compound(s)
is contained in the A. uva-ursi extract.

We isolated the effective compound from the A. uva-ursi
extract after several steps of column chromatography. We
identified the compound as corilagin (17), a polyphenol (Fig.
1). Corilagin itself showed weak anti-MRSA activity (data not
shown). The MIC of corilagin against the two MRSA strains
used in this study was 128 pg/ml.

The addition of much lower concentrations (16 pg/ml) than
the MIC (128 pg/ml) of corilagin markedly decreased the MIC
of oxacillin and other B-lactams against MRSA strains tested
(Table 1). Such a dramatic effect was not observed with MSSA
strain 209P (Table 1). Corilagin did not give such a remarkable
effect on the MICs of other types of antibacterial agents tested
(Table 1). However, some reduction in the MICs caused by
corilagin was observed in strain OM481 and OM584 with
streptomycin and tetracycline but not in OMS505 and OM623
(Table 1).
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Since both oxacillin and corilagin possess antibacterial ac-
tivity against MRSA, although not strong, it is necessary to
assess whether the anti-MRSA effect observed in the presence
of the two drugs is an additional one or a synergistic one.
Therefore, we determined the MICs of oxacillin against
MRSA strains in the absence or presence of 16 pg of corilagin
per ml and calculated the FIC index. The index was 0.13 in all
four MRSA strains. Therefore, we concluded that the effect
observed was a synergistic one. Previously, we reported that
the FIC index for oxacillin plus tellimagrandin I was 0.39 (19).
This means that corilagin is much more effective than tellima-
grandin I in the synergistic reduction of the MIC for oxacillin
against MRSA. On the other hand, the index for oxacillin with
corilagin was 0.75 in MSSA.

Thereafter, we investigated the effect of oxacillin plus cori-
lagin on MRSA viability to determine whether the effect was
bactericidal or bacteriostatic. Viable cell numbers of MRSA
OMS584 increased in the absence of oxacillin or corilagin (Fig.
2). Slightly lower growth was observed in the presence of ox-
acillin (5 pg/ml), and much lower growth was observed in the
presence of corilagin (16 pg/ml) (Fig. 2). On the other hand,
simultaneous addition of oxacillin and corilagin greatly re-
duced viable cell numbers. Thus, we concluded that the effect
of oxacillin plus corilagin was bactericidal.

Corilagin dramatically reduced the MICs of B-lactams in
MRSA strains but not in the MSSA strain 209P (Table 1). The
reduced MIC values of B-lactams against MRSA determined
in the presence of corilagin were at the same level as those
obtained with the MSSA strain (Table 1). This implies that
corilagin inhibits PBP2" present in MRSA cells but not other
PBPs present in MSSA cells. It is important to make the
mechanism of action of corilagin clear. There are two possi-
bilities regarding the mechanism of action of corilagin: (i)
inhibition of PBP2’ activity and (ii) inhibition of production of

TABLE 1. MICs of various antibacterial agents in MSSA and MRSA in the absence or presence of corilagin

MIC (pg/ml) for strain:

Antibiotic? Corilagin®
209P OM481 OMS505 OM584 OM623

OXA - 0.12 512 256 256 256

+ 0.06 1 1 0.25 1
CMZ - 0.06 128 32 64 128

+ 0.06 0.5 0.06 0.5 0.06
IPM - 0.03 64 8 64 64

+ 0.03 0.03 0.03 0.03 0.03
PCG - 0.12 4 4 4 2

+ 0.06 0.03 0.03 0.03 0.03
ERY - 0.25 >1,024 >1,024 >1,024 >1,024

+ 0.12 >1,024 >1,024 >1,024 >1,024
FOF - 0.5 >1,024 512 >1,024 >1,024

+ 0.5 >1,024 128 >1,024 >1,024
OFX - 0.25 2 1 8 8

+ 0.25 2 1 4 8
STR - 8 4 8 8 16

+ 4 1 8 <1 16
TET - 0.25 4 1 128 128

+ 0.12 0.06 0.5 32 128
VAN - 0.06 0.06 0.06 0.06 0.12

+ 0.03 0.06 0.12 0.06 0.12

“ OXA, oxacillin; CMZ, cefmetazole; IPM, imipenem; PCG, benzylpenicillin; ERY, erythromycin; FOF, fosfomysin; OFX, ofloxacin; STR, streptomycin; TET,

tetracycline; VAN, vancomycin.

® MICs were determined in the absence (—) or presence (+) of 16 pg of corilagin/ml.
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FIG. 2. Effect of corilagin and oxacillin on viable cell number of
MRSA. S. aureus OM584 cells grown in Mueller-Hinton broth were
diluted with fresh medium and incubated at 32°C under aerobic con-
ditions in the absence (O) or presence of oxacillin (5 pg/ml) (@),
corilagin (16 pg/ml) (A), or oxacillin (5 wg/ml) plus corilagin (16
wg/ml) (A). Samples were taken at the indicated time points, and
viable cell numbers were counted.

PBP2'. Our preliminary results support the notion that the
major action of corilagin is to inhibit the activity of the PBP2’.
Shimamura and coworkers found recently that epigallocat-
echin gallate, which reduced the MIC of oxacillin against
MRSA, did not inhibit production of PBP2" in MRSA (T.
Shimamura et al., unpublished results). They suggested that
damages in the cell wall and in the cell membrane caused by
epigallocatechin gallate and an increase in the permeability
would be responsible for the potent synergy.

Corilagin markedly reduced the MICs of B-lactams in both
B-lactamase-positive MRSA (OMS505 and OMS584) and B-lac-
tamase-negative MRSA (OM481 and OM623). These results
imply that corilagin also inhibits the action or production of
B-lactamase. It has been reported that Compound P (epicat-
echin gallate according to J. M. T. Hamilton-Miller [unpub-
lished results]) from green tea inhibited B-lactamase action by
preventing the secretion of B-lactamase from cells (25). It has
been also suggested that baicalin inhibits B-lactamase (12).

Previously, we reported that epicatechin gallate (18), tel-
limagrandin I, and rugosin B (19) markedly reduced the MICs
of B-lactams against MRSA. Here, we isolated corilagin as a
more effective compound than these three. These are all poly-
phenols. The structure of corilagin is similar to that of tellima-
grandin I, and they are both classified as hydrolyzable tannin,
especially ellagitannin. Corilagin could be hydrolyzed to glu-
cose, ellagic acid, and gallic acid. None of these (i.e., glucose,
ellagic acid, or gallic acid), however, reduced the MICs of
B-lactams against MRSA (data not shown).

Corilagin has been reported to show several activities, such
as antifungal (11), antiviral (13, 24), or antimicrobial (1) activ-
ity, and antihypertensive effect in rats (4). In addition of these
reported activities, we found a novel activity of corilagin, po-
tentiation of activity of B-lactams against MRSA.

ANTIMICROB. AGENTS CHEMOTHER.

Leaves of A. uva-ursi and its extract are described in the
Japanese Pharmacopoeia as medicine. The extract is known to
contain antimicrobial agents and is orally administered for the
treatment of some infectious diseases. The traditional oral
administration of the extract suggests that the toxicity of the
extract, if present, is very low for humans.

We thank Y. Hirai for providing us with the MRSA strains used in
this study, Manuel F. Varela for critically reading the manuscript, and
T. Shimamura for sending us a preprint of his very interesting study on
epigallocatechin gallate.
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